A major controversy in reading research is whether semantic information is obtained from the word to the right of the currently fixated word (word n ϩ 1). Although most evidence has been negative in English, semantic preview benefit has been observed for readers of Chinese and German. In the present experiment, we investigated whether the discrepancy between English and German may be attributable to a difference in visual properties of the orthography: the first letter of a noun is always capitalized in German, but is only occasionally capitalized in English. This visually salient property may draw greater attention to the word during parafoveal preview and thus increase preview benefit generally (and lead to a greater opportunity for semantic preview benefit). We used English target nouns that can either be capitalized (e.g., We went to the critically acclaimed Ballet of Paris while on vacation.) or not (e.g., We went to the critically acclaimed ballet that was showing in Paris.) and manipulated the capitalization of the preview accordingly, to determine whether capitalization modulates preview benefit in English. The gaze-contingent boundary paradigm was used with identical, semantically related, and unrelated previews. Consistent with our hypothesis, we found numerically larger preview benefits when the preview/ target was capitalized than when it was lowercase. Crucially, semantic preview benefit was not observed when the preview/target word was not capitalized, but was observed when the preview/target word was capitalized.
It is generally assumed that low-level feature-based properties of words are discarded for more meaningful, abstract letter codes during reading (Rayner & Pollatsek, 1989 ). In the current study, on the other hand, we investigated the extent to which salient, lowlevel features of words (e.g., capitalization of the first letter of a word) can modulate how attention is allocated during reading. Specifically, we investigated whether capitalization can (partially) explain differences between English and German with respect to whether readers access and integrate semantic information from upcoming words, before fixation.
A major controversy in reading research concerns the extent to which readers obtain semantic information from the word to the right (word n ϩ 1) of the currently fixated word (word n). The fact that readers sometimes skip over word n ϩ 1 is at least consistent with the argument that it is possible to obtain semantic information from word n ϩ 1 (Rayner, 2009) . The controversy concerns the case in which word n ϩ 1 is not skipped. Here, the evidence is less clear, though much of it indicates that readers of English do not obtain morphological or semantic information from word n ϩ 1 (Rayner, 1998 (Rayner, , 2009 Schotter, Angele, & Rayner, 2012 for reviews; but see Hohenstein & Kliegl, 2014 for German reading). Evidence regarding preview benefit is typically gleaned from the use of the gaze-contingent boundary paradigm (Rayner, 1975) . In this paradigm, a target word in a sentence is initially replaced with a preview word (or nonword). When the reader's eyes cross an invisible boundary (located just to the left of the target word), the preview changes to the target word, which remains visible for the remainder of the trial. Because the display change occurs during a saccade, when vision is suppressed, readers are generally not aware of the change. The amount of time that readers look at the target word as a function of the nature of the preview is then computed. Preview benefit is the difference between fixation time on the target word when the preview is related subtracted from the time when it is unrelated to the target.
Numerous experiments have demonstrated preview benefit for orthographically and phonologically related previews across different languages (see for a review), but, as noted above, semantic preview benefit is more controversial. Rayner, Balota, and Pollatsek (1986) first investigated this possibility in English, using the boundary paradigm and found that a preview that was semantically related (wine) to the target word (beer) did not yield preview benefit, whereas an orthographically related nonword preview (becn) did. More recently, Rayner, Schotter, and Drieghe (2014) replicated the findings reported by Rayner et al. (1986) . Schotter (2013) also replicated a lack of semantic preview benefit for associative relationships, but did find a preview benefit when the preview and target were synonyms (i.e., were identical or very close in meaning; see the Discussion section below).
Furthermore, other studies with alphabetic languages have likewise not found evidence for semantic preview benefit (Altarriba, Kambe, Pollatsek, & Rayner, 2001; Hyönä & Häikiö, 2005; Rayner, McConkie, & Zola, 1980) . However, it appears that the nature of the writing system has an influence on whether or not morphological and semantic preview effects are evident (see Schotter, 2013) . Although there is no evidence for parafoveal morphological processing in English (Kambe, 2004; Lima, 1987) or Finnish (Bertram & Hyönä, 2007) , there is evidence that morphological information is processed parafoveally in Hebrew (Deutsch, Frost, Pollatsek, & Rayner, 2000 . In English, Kambe (2004) found that a nonword preview that shared a prefix (rehsxc) or stem (zvduce) with the target (reduce) provided no facilitation above and beyond the preview benefit provided by a preview that was only orthographically but not morphologically related (e.g., rehsxc-region), indicating that readers of English do not obtain morphological information in the parafovea (see also Lima, 1987) . In contrast, Deutsch et al. (2005) found a larger preview benefit in the morphological preview condition compared to the orthographic preview condition for readers of Hebrew, suggesting that they had obtained morphological information from the word, and benefitted from it above and beyond the orthographic relationship between the words. The difference between these results may be attributable to the differences between these languages; Hebrew has a richer morphological structure than English and morphological constituents are interleaved in Hebrew, instead of concatenated. It is likely that the necessity to decompose and process words in terms of their morphological constituents emphasizes and encourages such processing to occur parafoveally .
Evidence from nonalphabetic languages also suggests that properties of the writing system play a crucial role in semantic/morphological preview benefit (see Hohenstein & Kliegl, 2014 for a complete review of these studies). It appears that readers of Chinese (a character-based language) do obtain semantic information parafoveally (Yan, Richter, Shu, & Kliegl, 2009; Yang, Wang, Tong, & Rayner, 2012) . This is likely because in Chinese any given word n ϩ 1 will be closer to the point of fixation than in alphabetic writing systems because there are no spaces between words and because words are composed of fewer characters in Chinese. Furthermore, Chinese is a morphologically based language and many characters are composed of radicals, one of which carries semantic information about the word. Because of these semantic radicals, semantically related words are more orthographically similar than in English (e.g., cheese, cat, and trap are all semantically related to, but quite orthographically different from, mouse). Comparing the results from English to those in Chinese and Hebrew suggests that semantic preview benefit is possible, but perhaps only when the orthography of the language encourages or supports it.
More interesting, for our present purposes, are recent reports that semantic preview benefit is observed in German (Hohenstein & Kliegl, 2014; Hohenstein, Laubrock, & Kliegl, 2010) . Again, there may be a property of German orthography that makes semantic preview benefit more likely than it is in English: the first letter of a noun is capitalized in German and the preview/target words in these studies were all nouns. The capitalization of these words may, in fact, draw greater attention to them during parafoveal preview, thus increasing the information obtained from them and, consequently, the preview benefit observed. In fact, early reading researchers (Dearborn, 1906; Huey, 1908) suggested that words with the first letter capitalized may draw increased attention. Hohenstein and Kliegl (2014) did compare preview benefit for words where the first letter was capitalized versus when it was not capitalized in German and found numerically smaller semantic preview benefit effects when the preview/target word was not capitalized, but the effect was significant regardless of capitalization. This is interesting in that the lack of capitalization of nouns in German violates the rules of the orthography (see Hohenstein & Kliegl, 2013 for a review), suggesting that capitalization is not the only property of words that supports semantic preview benefit in German (see Hohenstein & Kliegl, 2014; Schotter, 2013) . Other suggestive evidence comes from Slattery, Schotter, Berry, and Rayner (2011) , who showed that typographical distinctiveness (i.e., capitalization) is detected in the parafovea and can cause words to be processed differently. Their study focused on the phonological processing of abbreviations (NASA, NCAA), which is different than the focus of the present study, but it does provide evidence that distinct and nonstandard presentation of letter strings is something that readers are sensitive to parafoveally and may affect the way in which words are processed.
The issue of semantic preview benefit in alphabetic writing systems is theoretically relevant given that it is generally assumed that serial lexical identification models like the E-Z Reader model (Reichle, Pollatsek, Fisher, & Rayner, 1998) would have a hard time dealing with semantic preview benefit effects whereas parallel activation models like SWIFT (Engbert, Nuthmann, Richter, & Kliegl, 2005) would more readily be able to account for such effects. Actually, Schotter, Reichle, and Rayner (2014) have recently documented that semantic preview effects can be obtained in some circumstances in the context of E-Z Reader. We shall return to this important theoretical issue in the Discussion.
In the present study we examined the following two questions: (a) would general preview benefit be increased by increased saliency of the preview via capitalization of its initial letter? And (b) would this increase in parafoveal preview by typographical distinctiveness be large enough to cause significant semantic preview benefit in English? To ensure that our target words did not violate English orthography, which potentially would raise the issue of whether subjects employed a different strategy when reading text displayed in an unusual way, we used English target nouns that can legally be presented either capitalized (e.g., We went to the critically acclaimed Ballet of Paris while on vacation.) or not (e.g., We went to the critically acclaimed ballet that was showing in Paris.). We presented previews for these words that matched the target on capitalization and were manipulated for their relationship to the target: identical, semantically related, and unrelated. As noted above, capitalization of the first letter of a preview word might 1 It should be noted that even in German, evidence for semantic preview benefits is inconsistent in that Dimigen, Kliegl, and Sommer (2012) did not find evidence for such effects using the boundary paradigm; however, the task in their experiment was not reading but rather naming lists of nouns. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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make that word more salient and, hence, result in attention being more focused on it than when it is not capitalized.
Method Subjects
Sixty University of California, San Diego students participated in the experiment. All were native speakers of English, had either normal or corrected to normal vision, and were naïve concerning the purpose of the experiment.
Apparatus
Eye movements were recorded with an SR Research Eyelink 1000 eyetracker with a sampling rate of 1000 Hz. Subjects read sentences displayed on an HP p1230 video monitor with a screen resolution of 1024 ϫ 768 and a refresh rate of 150 Hz. Viewing was binocular, but only movements of the right eye were recorded. Viewing distance was approximately 60 cm, with 2.4 letters equaling one degree of visual angle. A monospace font (Courier New 14) was used to ensure that all words of the same length subtended the same degree of visual angle.
Materials and Design
Sixty target words were selected so that they could be presented with the first letter capitalized or not (e.g., Ballet vs. ballet; see Appendix). For 40 of the target words (67%), capitalization of the first letter did not change the meaning of the target word, but rather changed the target noun from a common noun to a proper noun (e.g., the ballet vs. the Ballet of Paris). However, there is a small set of English words for which there are two distinct meanings depending on capitalization (e.g., china cups vs. China the country) and we included 20 targets for which this is the case, to investigate whether this affects the pattern of preview benefit effects. For the targets for which the meaning was preserved with capitalization, the same semantically related and unrelated previews were used for each version of the target, but capitalization was manipulated to match the target (e.g., dancer/Dancer were used as semantically related previews and needle/Needle were used as unrelated previews). For the 20 targets that changed meaning depending on capitalization, different semantically related words were selected for the different versions of the target (e.g., plate is semantically related to china and Japan is semantically related to China) but the same unrelated words were used (e.g., magic/Magic; see Table 1 ). The mean length of the pretarget word was 6.55 characters (range: 4 -12); the mean length of the preview/target word was 5.6 (range: 3-10). For all sentences, the words before the target were identical between the two versions and the cloze probabilities of the targets and previews were all low (7% for the lowercase target and 0% for all other targets and previews).
Normative data. A group of 40 subjects, who did not participate in the reading experiment, rated the words for degree of semantic association on a 9-point scale. Semantically related words were rated significantly higher (M Lowercase ϭ 6.5, M Capitalized ϭ 6.8) in degree of association than unrelated words (M Lowercase ϭ 2.0, M Capitalized ϭ 2.1; both ps Ͻ .001), but there was no difference between the degree of relatedness for capitalized or lower case versions of the words (both ps Ͼ .08). Using the gaze-contingent boundary paradigm (Rayner, 1975) , we manipulated the information available in the parafovea (i.e., the preview word) while subjects were fixating to the left of the target.
Procedure. When subjects arrived, the experimenter explained that they would be reading sentences silently for comprehension. Then the eye tracker was calibrated and the experiment began. Each trial started with a fixation point in the center of the screen that the subject was required to fixate. The experimenter then pressed a button to make the fixation point disappear and a black box appeared on the left hand side of the screen (at the location of the beginning of the sentence). Once the eye tracker detected a fixation inside the box the sentence appeared and the subject started reading. When the eyes moved across the boundary, the preview was replaced by the target word; display changes (the latency from when the boundary was crossed to when the display was updated) were completed, on average, within 3.5 ms (range ϭ 1-7 ms). Five practice sentences, each followed with a comprehension question preceded the experiment. Experimental sentences were interleaved with 15 filler sentences, each with a comprehension question to which subjects responded by pressing a button corresponding to the answer they thought was correct (accuracy was very high, on average 95%).
Results
Fixations shorter than 80 ms were combined with a previous or subsequent fixation if they were within one character of each other or were eliminated. Trials in which there was a blink or track loss on the target word or during an immediately adjacent fixation were removed as were trials in which the display change was not completed by the beginning of fixation onset or was triggered early by a saccade that ended left of the boundary. The remaining data Note. Target words are presented in boldface, but were presented normally in the experiment. This document is copyrighted by the American Psychological Association or one of its allied publishers.
(83% of the original number of trials) were evenly distributed over the six conditions (p Ͼ .59).
We analyzed a number of standard reading time measures (Rayner, 1998) on the target word: first fixation duration (the duration of the first fixation on a word independent of the number of first pass fixations), single fixation duration (the duration of the fixation when only one fixation is made on a word), gaze duration (the sum of all first pass fixations on a word), go-past time (the sum of all first pass fixations on a word and any fixations, including regressions to earlier parts of the sentence, prior to moving to the right of the target word), total viewing time (the sum of all fixations on the target word including any regressions to it), fixation probability, probability of regressions in, and probability of regressions out of the target word. There were no differences in the probability of fixating the target word (all ps Ͼ .12) or conversely, the probability of skipping the target word. Likewise, the probability of making a regression into the target was not affected by any of the manipulations (all ps Ͼ .09). The means and standard errors for the target word, aggregated by subject, are displayed in Table 2 .
The data were analyzed using inferential statistics based on generalized linear mixed-effects models (LMMs) run separately for targets in the capitalized and lowercase conditions. We used different models for the two types of targets to demonstrate the preview benefit effects within each capitalization condition most clearly. Within each analysis, preview condition with planned contrasts (see below) were entered as fixed effects and subjects and items were entered as crossed random effects (Baayen, Davidson, & Bates, 2008) , using the maximal random effects structure (Barr, Levy, Scheepers & Tily, 2013) . The planned contrasts of preview were (a) a test for a difference between the identical condition and the unrelated condition (i.e., an identical preview benefit) and (b) a test for a difference between the semantically related and the unrelated condition (i.e., a semantic preview benefit), which were achieved by setting the unrelated condition to the baseline (intercept) and using the default contrasts for each comparison.
To test whether the magnitude of preview benefit differed between the capitalized and lower case versions of the words, we also ran models with the full fixed effects structure; this model included the treatment contrast of capitalization (with the capitalized word as the baseline) and its interaction with the preview contrasts described above. Therefore, the estimates of the main effect of the preview contrasts are the same as those in the capitalized subset model, and the interaction indicates whether the analogous preview contrast in the lower case condition was significantly different from it. For these models, the full random effects structure was too complex for the model to fit. Therefore, we report interactions from the models with only random intercepts.
To fit the LMMs, the lmer function from the lme4.0 package (Bates, Maechler & Bolker, 2011) was used within the R Environment for Statistical Computing (R Core Team, 2013) . For fixation duration measures, linear mixed-effects regressions were used, and regression coefficients (b), which estimate the effect size (in milliseconds) of the reported comparison, and the t value of the effect coefficient are reported (see Table 3 ). For transparency, models of untransformed data are reported; log transformations of the duration measures had no effect on the patterns of significance. For binary dependent variables (fixation probability data), logistic mixed-effects regressions were used and regression coefficients (b), which represent effect size in log-odds space, and the z value and p value of the effect coefficient are reported. Absolute values of the t and z statistics greater than or equal to 1.96 indicate an effect that is significant at approximately the .05 alpha level; t and z statistics between 1.69 and 1.95 indicate an effect that is marginally significant (i.e., between the .051 and .091 alpha level).
Pretarget Word
The probability of fixating on the pretarget word ranged between .87 and .89 across the six conditions, with no differences between them (collapsing across the capitalization manipulation, the mean was .88 for the three preview conditions). The means for the gaze duration on the pretarget word were 246 ms, and 249 ms (for the capitalized previews and lowercase previews, respectively) with no difference between them (t Ͻ 1.23), indicating that capitalization did not affect the timing of the saccade to the target.
First Fixation Duration
For capitalized targets there was an identical preview benefit; first fixation durations on the target in the identical condition were significantly shorter than in the unrelated condition (b ϭ 18.78, SE ϭ 5.82, t ϭ 3.23). However, the semantic preview benefit was not significant-first fixation durations in the semantically related condition were not significantly shorter than in the unrelated condition (b ϭ 3.69, SE ϭ 4.82, t Ͻ 1). For lowercase targets, This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
neither the identical preview benefit 2 nor the semantic preview benefit was significant (both ts Ͻ 1.45).
Single Fixation Duration
For capitalized targets, there was an identical preview benefit; single fixation durations on the target in the identical condition were significantly shorter than in the unrelated condition (b ϭ 28.32, SE ϭ 6.81, t ϭ 4.16). The semantic preview benefit was marginally significant-single fixation durations in the semantically related condition were slightly shorter than in the unrelated condition (b ϭ 11.44, SE ϭ 6.33, t ϭ 1.81). For lowercase targets, neither the identical preview benefit nor the semantic preview benefit was significant (both ts Ͻ 1.51).
Gaze Duration
For both the capitalized and lowercase targets, there was an identical preview benefit. For capitalized targets, gaze durations (see Figure 1 ) on the target in the identical condition were significantly shorter than in the unrelated condition (b ϭ 30.42, SE ϭ 6.82, t ϭ 4.46). The semantic preview benefit was marginally significant-gaze durations in the semantically related condition were slightly shorter than in the unrelated condition (b ϭ 10.73, SE ϭ 6.34, t ϭ 1.69). For lowercase targets, gaze durations in the identical condition were significantly shorter than in the unrelated condition (b ϭ 13.42, SE ϭ 5.37, t ϭ 2.50). The semantic preview benefit was not significant-gaze durations in the semantically related condition were not significantly different from the unrelated condition (t Ͻ 1).
Go-Past Time
For capitalized targets, there was an identical preview benefit; go-past time on the target in the identical condition was significantly shorter than in the unrelated condition (b ϭ 44.32, SE ϭ 9.06, t ϭ 4.89). The semantic preview benefit was also significant-go-past time in the semantically related condition was significantly shorter than in the unrelated condition (b ϭ 22.32, SE ϭ 9.35, t ϭ 2.39). For lowercase targets, there was an identical preview benefit; go-past time in the identical condition was significantly shorter than in the unrelated condition (b ϭ 26.74, SE ϭ 8.47, t ϭ 3.16). The semantic preview benefit was not significant-go-past time in the semantically related condition was no different than in the unrelated condition (t Ͻ 1).
Total Time
For capitalized targets, there was an identical preview benefit; total time on the target in the identical condition was significantly shorter than in the unrelated condition (b ϭ 49.98, SE ϭ 9.38, t ϭ 5.33). The semantic preview benefit was not significant-total 2 It is likely that we do not see significant identical preview benefits in the lower case condition for first fixation duration and single fixation duration because these are inherently the most noisy reading time measures. Single fixation duration only includes cases in which the target word was fixated only once during first pass reading whereas gaze duration includes all first pass reading when the target was not skipped. Thus, more data are included in the gaze duration measure than in the single fixation measure: the probability of a single fixation ranged from .66 to .75, which is much lower than the probability of a gaze duration (i.e., fixation probability), which ranged from .84 to .91. Additionally, while the first fixation duration measure includes as much data as the gaze duration measure, this measure includes a mixture of single fixation durations and first fixation durations before a refixation (which tend to be shorter than single fixations), adding to the variability of the measure. Finally, the baseline condition in the present experiment was a word-preview; the available evidence suggests that had we used a random string of letters or degraded the letters in the preview that there would be a larger identity preview effect (Gagl, Hawelka, Richlan, Schuster, & Hutzler, 2014; Murray, Rayner, & Wakefield, 2013 Note. Significant effects are indicated by boldface.
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
time on the target in the semantically related condition was not significantly shorter than in the unrelated condition (t Ͻ 1). For lowercase targets, there was an identical preview benefit; total time on the target in the identical condition was significantly shorter than in the unrelated condition (b ϭ 37.59, SE ϭ 9.45, t ϭ 3.98). The semantic preview benefit was not significant-total time on the target in the semantically related condition was not significantly shorter than in the unrelated condition (t Ͻ 1).
Probability of Regression Out of the Target
For capitalized targets, there was no difference between the probability of making a regression out of the target in the unrelated condition compared to either the identical condition or the semantically related condition (both ps Ͼ .56). Thus the effect seen in go-past time is attributable to a difference in the amount of time spent rereading prior parts of the text and/or in second pass times on the target, rather than a difference in the rate of regressing. For lowercase targets, there was a significantly lower probability of making a regression out of the target in the identical condition compared to the unrelated condition (z ϭ 3.15, p Ͻ .005). There was no difference between the probability of making a regression out of the target in the semantically related condition compared to the unrelated condition (z ϭ 1.67, p ϭ .10), mirroring the pattern seen in go-past time.
Interactions Between Capitalization and Preview Benefit
For the duration measures, the only significant interactions between capitalization and the magnitude of the preview benefit was for the identical preview benefit in early reading measures, with smaller identical preview benefits when the word was presented in lower case (FFD: b ϭ Ϫ12.39, SE ϭ 5.99, t ϭ 2.07; SFD: b ϭ Ϫ18.09, SE ϭ 6.49, t ϭ 2.79; GZD: b ϭ Ϫ16.30, SE ϭ 7.42; t ϭ 2.20). Neither of the interactions between capitalization and the identical preview benefit in late reading measures were significant (all ts Ͻ1.38), nor were any of the interactions between capitalization and semantic preview benefit (all ts Ͻ1.50), but all were in the hypothesized direction: preview benefits were larger when the words were capitalized than when they were lower case. For the probability measures, none of the interactions were significant (all zs Ͻ1.26).
As noted above, for two thirds of our stimuli the meaning of the target word was preserved between the capitalized and lower case versions (e.g., ballet vs. Ballet) and we were able to use the same semantically related previews across capitalization conditions (e.g., dancer vs. Dancer). For the other one third of the stimuli, the meaning did change between the capitalized and lower case version (e.g., china cups vs. China the country) and different semantically related previews were used (e.g., Japan for the capitalized target vs. plate for the lowercase target). To assess whether the pattern of data differed between these sets of stimuli for the gaze duration data, we entered stimulus set as a dichotomous variable (centered) and its interaction with the other factors as fixed effects into an LMM with only random intercepts. There was a significant interaction between semantic preview benefit and stimulus set (b ϭ 23.91, SE ϭ 11.14, t ϭ 2.15), but the interaction between identical preview benefit and stimulus set was not significant (b ϭ 17.24, SE ϭ 11.16, t ϭ 1.55). Neither of the three-way interactions between preview benefit (identical or semantic), capitalization condition, and stimulus set was significant (both ts Ͻ1).
To clarify these interactions, we fit separate LMMs (with capitalization condition and preview entered as crossed fixed effects) for the stimulus set in which the meaning of the target changed with capitalization and when it was preserved. For the stimulus set in which the meaning was preserved, the results were almost identical to those in the full analysis; for the stimulus set in which the meaning did change, none of the effects were significant (see Figure 2) . The difference in the pattern of data between these two stimulus sets could be attributable to several reasons, which cannot be distinguished from our dataset. First, the signal-to-noise ratio is lower in the stimulus set for which the meaning of the target changed with capitalization because there are half as many stimuli (i.e., 20) than there were in the stimulus set for which the meaning was preserved (i.e., 40). Second, different semantically related previews were used for the capitalized version compared with the lowercase version for the former stimulus set, but not the latter, also contributing to the variability in the data. Third, the difference This document is copyrighted by the American Psychological Association or one of its allied publishers.
in meaning between the fixated target word in the capitalized and lower case versions could have added some degree of ambiguity to the word recognition process, further adding to the variability. Because the purpose of the present study was to test the effect of capitalization, and not the effect of differences in meaning across capitalized and lower case versions, we will focus on the results of the LMM for the stimulus set in which the meaning of the target word was preserved across capitalization conditions (fully crossed fixed effects and random intercepts only). In a model with preview contrasts crossed with capitalization condition, for the capitalized version, there was both a significant identical preview benefit (b ϭ 28.89, SE ϭ 4.56, t ϭ 6.34) and a significant semantic preview benefit (b ϭ 14.59, SE ϭ 4.59, t ϭ 3.18). Neither of the interactions between the preview benefits and capitalization were significant (both ts Ͻ 1.61). To further investigate this, we ran models separately for the capitalized condition and lowercase condition, with preview contrasts as the fixed effects and crossed random effects, the identical preview benefit was significant for both the capitalized condition (b ϭ 37.29, SE ϭ 8.25, t ϭ 4.52) and the lower case version (b ϭ 21.12, SE ϭ 6.58, t ϭ 3.21), whereas the semantic preview benefit was only significant in the capitalized condition (b ϭ 18.79, SE ϭ 8.03, t ϭ 2.34) but not in the lower case condition (b ϭ 12. 15, SE ϭ 8.41, t ϭ 1.44).
Taken together, these data confirm our hypothesis that preview benefit in English is enhanced by drawing attention to the preview parafoveally by capitalizing the initial letter. First, note that the effect size of the identical preview benefit (estimated by the effect coefficient (b value) of the model) was always larger for capitalized targets across all measures, suggesting that capitalization of the preview/target attracted more attention than when it was lowercase. In terms of semantic preview benefit, the pattern of data suggests that there was an effect when the preview/target was capitalized (i.e., marginally significant in single fixation duration and gaze duration in the full model, and fully significant in the subset model for which the meaning of the target was preserved across capitalization conditions). Importantly, for all measures, semantic preview benefit was larger for the capitalized target than for the lowercase target.
These data, combined with the results from prior research (e.g., Rayner et al., 1986 Rayner et al., , 2014 Schotter, 2013) suggest that semantically related (i.e., associated) words in English do not provide semantic preview benefit (when the first letter of the preview/ target word is not capitalized). However, when the preview was capitalized, increasing its saliency and consequently the likelihood of readers allocating more attention to it parafoveally, semantic preview benefit was observed. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
The Effect of Launch Site on Preview Benefit
Following Hohenstein and Kliegl (2014) we assessed whether preview benefit decreased with the distance of the prior fixation from the preview (excluding those on the space prior to the word). We then entered this continuous predictor of launch site (centered) to the model and crossed it with the preview manipulation (in both fixed and random effects, using the maximal effects structure) and capitalization condition.
For gaze duration, when launch site was included both the identical preview benefit (b ϭ 30.37, SE ϭ 5.26, t ϭ 5.77) and the semantic preview benefit (b ϭ 10.45, SE ϭ 5.27, t ϭ 1.98) were significant in the capitalized condition. The identical preview benefit in the lowercase condition was significantly smaller than in the capitalized condition (b ϭ 15. 76, SE ϭ 7.51, t ϭ 2.10), but the interaction between capitalization and semantic preview benefit was not significant (t Ͻ 1). The main effect of launch site was not significant and it did not interact with the capitalization condition (both ts Ͻ1). In the capitalized condition, the identical preview benefit was significantly affected by launch site (b ϭ 3.42, SE ϭ 1.74, t ϭ 1.97), and this did not significantly differ in the lower case condition (t Ͻ 1). In the capitalized condition, the semantic preview benefit was not significantly affected by launch site (t Ͻ 1), but the three-way interaction with capitalization condition was marginally significant (b ϭ 4.68, SE ϭ 2.64, t ϭ 1.77). Importantly, when only trials in which the pretarget word was fixated were included in the analysis neither the effect of launch site nor its interaction with any of the other factors were significant (all ts Ͻ1.55), indicating that the effect of launch site was picking up on whether the reader obtained a preview from the pretarget word or not.
Discussion
Three primary findings emerge from the present study. First, consistent with other studies (Altarriba et al., 2001; Rayner et al., 1986 Rayner et al., , 2014 Schotter, 2013) , we found no evidence of semantic preview benefit for readers of English for semantically related (nonsynonym) previews when the first letter of the preview/target word was not capitalized. Second, consistent with our hypothesis that capitalization of the first letter of the preview/target words would draw more attention to a word than standard lowercase letters, we found that, in the identical preview condition, fixation times on capitalized words were shorter than when the word was not capitalized (across all early time measures; all ts Ͼ2.37). Third, we found evidence for semantic preview benefit when the target/preview words were capitalized 3 ; in the full analysis, the effect was only marginally significant in single fixation duration and gaze duration but was fully significant in go-past time (but not in the rate of regressing out of the target). For the subset of the data for which the meaning of the target was preserved across capitalization condition (i.e., the strongest test of our hypothesis) the semantic preview benefit was significant for capitalized preview/ targets but was not significant for lower case targets. We will discuss each of these points in turn.
The fact that we found no evidence for semantic preview benefit when the first letter of the preview/target words were not capitalized provides further evidence that such effects may be rather elusive in English. In contrast, orthographic and phonological preview benefit effects are reliable in English reading. As we've noted previously Schotter, 2013; , in such cases there is a match (and hence a fair amount of overlap) between the preview and target word, and this match underpins preview benefit. More recently, Schotter (2013) demonstrated semantic preview benefit for synonyms, and here too there is a match between the preview and the target word (i.e., a match on meaning). On the other hand, with most semantically related previews there is no match to the target word; they are not similar in either orthography or phonology, and while they are semantically related (i.e., associated with each other), they do not mean the same thing. Thus, the mismatch between orthography and phonology between preview and target might well override any potential benefit due to the semantic relationship between preview and target. We hasten to note that it is quite possible that there are other situations (i.e., other than synonyms) in which semantic preview benefit can be observed, but the present results, along with the findings of Schotter (2013) and Rayner et al. (1986 Rayner et al. ( , 2014 , suggest that they might not be easy to find.
It is quite interesting that we found that presenting previews (and targets) with the first letter capitalized led to shorter fixations on the target words when there was no display change (i.e., in the identical condition). As we noted earlier, we suggest that capitalization draws more attention to a word before it is fixated, given that it is typographically distinct from other words (see also Slattery et al., 2011) and this causes it to benefit from more preprocessing and thus require less time to process during direct fixation. Dearborn (1906) and Huey (1908) both suggested the possibility that words with the first letter capitalized may increase attention to the word. The results of the present study are consistent with this suggestion.
The fact that we found evidence of semantic preview benefit when the first letter of the preview/target words was capitalized is quite interesting. The semantic preview effects may be attributable to the preview lending a head-start in activation to the target (akin to semantic priming) that is enhanced when more attention is allocated to the preview via capitalization. This effect was observed for semantic associates in English under this increased salience condition. These effects may be more readily observable in other languages because orthographic properties (e.g., shallow orthography in German and dense text with semantics coded in the orthography in Chinese) may allow for more semantic access parafoveally, and thus more semantic priming-like preview benefit (see Schotter, 2013 ).
As noted above, it has typically been assumed that evidence for semantic preview benefit would be difficult to accommodate within the context of the E-Z Reader model (Reichle et al., 1998) . 3 We are rather confident that the effect of first letter capitalization reported here is quite reliable as we have observed exactly the same pattern of results (a numerical and marginally significant effect in gaze duration and a fully significant effect in go-past time for capitalized words, but not for noncapitalized words) in two other studies . Unfortunately, we discovered a problem with the timing of the display changes in the first study. In the second study, we discovered a high degree of skipping of the pretarget word that modulated the results and decreased the power necessary to test our hypotheses; when the pretarget word was fixated, we found the same pattern of results as reported here. When the pretarget word was skipped all effects were washed out (because readers did not have adequate parafoveal preview). Thus, in the study reported here, we included a longer pretarget word to ensure that it was fixated. This document is copyrighted by the American Psychological Association or one of its allied publishers.
However, as we also noted, we have recently documented that such effects, although small, can occur within the context of the model. Specifically, our simulations demonstrated that when the pretarget word is relatively easy to process (e.g., is highly predictable and high frequency), more time can be spent preprocessing the target word parafoveally and there will be a greater likelihood of that processing progressing to the L 2 stage of the model. We proposed a theoretical framework in which to conceptualize how semantic preview benefit might arise. In that framework, it was suggested that, if the preview is easy to process, enough information is obtained from the prior context and preview that minimal processing of the target transpires once it is fixated (particularly because there is an approximately 60ms lag in visual information reaching the brain); thus, the system may not even register that one word had changed to another, decreasing the likelihood of a disruption in processing and lengthened fixation durations. The simulations in Schotter et al. (2014) focused on what properties of the context and pretarget word (which, in a serial model must be processed before the target) modulate the degree of preprocessing of the target. The present research suggests that there might be salient visual properties of the preview itself that encourage greater preprocessing. In summary, we found no evidence for semantic preview benefit when English preview/target words did not have the first letter capitalized, confirming prior work. However, we found evidence consistent with semantic preview benefit when the preview/target were capitalized indicating that, in English, a word that has the first letter capitalized draws more attention than when the word is not capitalized, leading to larger preview benefits, in general, and a larger likelihood of semantic preview benefit.
